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I  -  INTRODUCTION 

Last  decade,  whan  ayatamatlo  studies  of  the  permeability  of  plant 
oella  for  nwneroua  different  aneleotroly tea  were  begunt  only  suoh  objeots 
ware  initially  used  whioh  seamed  apt  to  give  the  most  accurate  results 
when  studied  according  to  a  oertaln  method.  After  comprehensive  studies 
(R DHL AND  A  C.  HOFFMANN  1925 j  BARLUND  1929j  SCB0NFBLD8R  1931>  H0FL8R  1932- 
34  and  1936j  C0LLAND8R  A  BARLUND  1953?  ▼.  HOFB  1933j  WAHRY  1936j  C.  HOFFMANN 
1936)  thus  creating  a  firm  foundation  for  the  oontinued  study  of  the  sub¬ 
ject,  the  work  program  was  expanded  to  include  a  larger  number  of  objeots 
but  fewer  ocnpounds.  In  these  tests  as  well,  the  choice  of  objeots  was 
largely  determined  by  how  well  they  were  suited  to  be  studied  aooording  to 
a  certain,  predetermined  method.  This  procedure,  hcwever,  left  the  perme¬ 
ability  properties  of  sons  plant  groups  as  well  as  of  some  phyeiologiofil- 
anatomioal  oell  types  totally  unolarified  due  to  the  methodioal  difficul¬ 
ties  connected  with  their  examination.  Under  these  air cum stances,  it 
reamed  desirable  that  answers  be  found  in  particular  as  to  the  permeability 
properties  of  the  representatives  of  just  these  groups  and  that  these 
objeots  thereby  be  drawn  within  the  soope  of  the  comparative  permeability 
studies. 


The  work  program  described  hereafter  is  based  on  just  this  princi¬ 
ple  it  -as  diotated  mainly  by  the  desire  to  extend  the  investigation  to 
such  systematic  groups  (Bacteria,  Cyanophyoeae,  Rhodochyoeae,  etc.)  or 
physiologloal-anatCBioal  oell  groups  (embryonic  cells)  whose  permeability 
properties  had  so  far  been  investigated  in  part  only  or  not  at  all.  Under 
these  oirouastanoes,  it  was  not  possible,  of  oourte,  to  predetermine  the 
investigation  method,  and  it  is  for  this  reason  that  almost  every  objeot 
was  studied  aooording  to  a  different  osmotic  method,  namely  that  which 
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seemed  moet  appropriate  for  wnatever  objeot  was  under  study.  Although 
this  procedure  involved  a  oertain  increased  expenditure  of  work,  it  never¬ 
theless  had  the  great  advantage  that  one  and  the  same  person,  while  working 
with  suoh  diversified  methods,  was  in  a  position  to  be  a  oritlo&l  judge 
of  their  applicability  and,  at  the  same  time,  develop  them  further,  thus 
contributing  to  the  methodology  of  the  study  of  permeability. 

Host  of  my  test  objeots  are  hydrophytes.  Consequently,  they  were 
praotio&lly  in  their  natural  element  during  the  tests.  Seotionlng  was 
neoessary  only  with  the  roots  of  Lupinua.  The  effeot  of  wound  irritation 
an  the  permeability  properties  of  the  plasm  should  therefore  be  very 
limited  in  these  tests. 

Since  my  study  is  a  diroot  continuation  of  tha  work  of  UARKLOND 
(1956),  I  was  mainly  investigating  tha  parmeatlon  eapaolty  of  the  same 
aneleotrolytea  he  had  uaad  in  his  study.  HARKLUND,  in  setting  up  his 
work  program,  ohosa  from  among  the  number  studied  by  BARLURD  (1929)  12-16 
aneleotrolytea  whioh  ware  generally  harmless  to  the  test  objeot,  or  not 
too  toxio,  but  which  at  the  same  time  ware  sufficiently  water-soluble  and 
whose  ohemioal  composition,  lipln  solubility,  and  particle  site  differed 
as  widely  as  possible. 

The  following  12  anelsotroly tea  formed  the  matrix  of  the  compounds 
usedi  saooarose,  erythrite,  malonaaida,  glyoerine,  urotropln,  urea, 
methyl  urea,  ethylene  glyool,  aoetlo  amide,  proplonaraide,  antipyrin,  and 
trlmathyloitrate.  Nona  of  the  rapidly  permeating  compounds  oould  be 
tested  in  the  experiments  with  baoteris.  To  make  up  for  this,  I  used 
instead  a  alteabls  number  of  slowly  permeating  substsnoas  (raffinose, 
mannitol,  gluoose,  rhamnose,  glyooohol,  and  raethylgluooslde) . 

Tha  substances  used  --  with  the  exception  of  raffinose,  rhamnose, 
and  glyooohol  --  ware  identical  to  those  used  by  BARLUND  (ohapter  1, 
p.  16-) .  Tho  raffinose,  rhamnose,  and  glyooohol  were  tha  purest  produots 
of  Sohering-Kahlbaum. 

The  acetamide,  propionamlde,  butyramlde,  and  dlothyluraa  as  well 
the  »e thy igluoo side  were  washed  with  ether  before  use.  The  dlaethyl- 
oltrate  solution  was  nsutrslised  with  finsly  pulverised  CaCOj. 

The  abbreviations  of  the  ohamioals  used  sure  the  same,  here  as 
well  as  hereinafter,  as  in  COLLAHDKB  4  BAHLU5D  (1953,  p.  16). 


II  -  BACTERIA 


1.  PREVIOUS  KNCWLSDG8  CONCERNING  THB  PERMEABILITY  OP  BACTBRIA 

The  only  baoteriura  whose  permeability  properties  have  so  far  baan 
thoroughly  studied  la  tha  peculiar  sulfur  baoterium  Begglatoa  mirabllls. 
RUHLAND  A  HOFFUANN  (1926)  as  wall  as  SCHONF3LDSR  (1931)  ysed  the  breaking 
mathod  to  determine  tha  limit  concentrations  of  numerous  eleotrolytes  and 
of  even  more  numerous  anelectroly tea  for  Begglatoa.  The  results  showed 
definitely  that  tha  permeation  oapaoity  of  the  compounds  studied  la 
determined  first  of  all  by  the  particle  sic?  while.  In  this  case,  tha 
lipln  solubility  is  of  secondary  importance.  Begglatoa  has  thus  beocoia 
the  olaselo  example  of  the  ultra  filter  theory. 

At  the  end  of  their  paper,  RUHLAND  A  HOFFMANN  (ool,  1,  p.  80) 
submit  the  following  (diminishing)  series!  Begglatoa  mirabllls  >  kidney 
eplthel  cells  >  baoteria  (7)  >  ordinary  plant  cells.  Thus,  it  seems 
that  the  above-named  authors  consider  the  protoplasts  of  bacteria  more 
permeable  than  thoae  of  other  plants,  although  with  reservations  as  their 
question  mark  seema  to  indicate.  Indeed,  very  little  is  lmown,  even  today, 
about  the  permeability  of  "ordinary"  bacteria,  most  probably  because  the 
minute  size  of  the  bacteria  oells  makes  it  extremely  difficult  to  measure 
their  permeability. 

FISCHER  (1895;  1903)  plaamolytically  studied  the  permeation  of  some 
anelectroly tee  into  the  cells  of  numerous  kinds  of  bacteria.  Of  the  vari¬ 
ous  plasnolytica  inoluded  in  my  work  program,  antlpyrln,  urea,  and  glycerine 
did  not  effect  any  piaemolysis  whatsoever  in  the  bacteria  bells.  In  their 
behavior  to  cane  sugar  solutiona  for  example,  two  groups  of  bacteria 
emerged!  1,  plasmoly table  baoteria,  comprising  most  gram-negstlve  bacte¬ 
ria,  and  2.  non-plaamoly table  baoteria,  comprising  most  gram-positive 
baoteria.  In  the  bacteria  oells  of  the  former  group,  an  acute  plasmolysis, 
induced  by  a  15#  (0.440  GM)  oane  sugar  solution,  reversed  within  1-2  hours 
(FISCHBR  1896,  p.  160),  sometimes  even  considerably  faster,  whloh  is  very 
rapid  in  oompaLriaua  to  the  plasmolysis  of  other  protoplasts# 

HYLRSMA  (1916)  studied  the  permeability  conditions  of  baoterium 
ooli  oells  aooording  to  the  sediment  method.  "Here  the  permeability  con¬ 
dition  is  Judged  to  be  as  it  is  when  the  baoilli  have  been  not  more  than 
one  half  hour  in  the  solution  in  question."  (p.  78).  Sinoe  the  solutions 
of  urea,  glycerine,  and  mannitol  usad  (a.  ool.  1,  Table  V,  p.  162-)  did 
not  oauae  any  "inkrimping"  of  the  B.  ooll  oells  after  such  a  period  of 
time,  HYLKBUA  (ool.  1,  p.  79)  oonsldsrs  the  cells  as  completely  permeable 
for  the  above-mentioned  aubstanoes. 

HILL  (1929),  on  the  other  hand,  experimented  with  photogenio 
Baoi Hue  Fisoheri  oells,  whereby  he  used  as  indicator  of  permeation  tha 
time  within  whloh  the  glowing  in  variably  strong  solutiona  disappears. 
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la  a  1.0-mol.  glycerine  solution,  such  tins  was  only  ZOK  longer,  in  a 
1.0-mol.  ursa  solution,  however,  three  times  at  long  (41  seoonds)  at  in 
pur#  watar  (16  saoonds).  Thus,  both  substanoas  panatrata  extremely  rapidly 
into  tha  baotarla  oalla,  but  "urea  did  not  panatrata  as  rt&dlly  as  ........ 

glyoarina"  (col,  1,  p.  868). 

Dua  to  tha  fact  that  tha  prooaas  used  as  indioator  of  pannsation 
took  plaoa  extremely  rapidly  in  all  of  tha  above  tasts,  the  baotarla 
protoplasts  in  ganaral  wars  oonsidared  aspoolally  parmaabla  with  raspaot 
to  all  of  tha  analaotrolytas  to s tad  and  even  with  respect  to  substances 
juoh  as  "lannitol  and  o ana  sugar  whose  penetration  is  otherwise  hardly 
noticeable.  In  respect  to  permeability  conditions,  the  bacteria  seemed 
to  be  in  an  almost  speoial  ostegory,  and  a  oloser  investigation  therefore 
pranlsed  interesting  results. 

2.  SXPBR1U3NTS  WITH  GRAM-HBGATIVB  BACTERIA 

The  Test  Jbjeots  and  their  Culture.  Forms  of  Plasmolysis.  -  For 
these  tests,  1  obtained  several  purs  oultures  of  the  Baoteriin  ooli  group 
from  the  Baoteriological-Serologioal  Institute  of  the  University  of 
Helsinki.  Tha  first  deoisicn  was  to  detenaine  whioh  of  these  baotarla 
were  most  suitable  for  use  as  test  objeots.  The  faot  that  I  had  ohosen 
the  so-oalled  Unit  plasnolyais  process  as  my  test  method  required  of  tha 
teat  objeot  that  the  plasnolyais  be  dearly  perceptible.  It  was  found 
that  of  the  aooeaslble  baotarla,  Bacteriun  paraooli  "4a8",  B.  ooli  "Randan", 
and  B.  aerogenss  "Nordlund"  (s.  C.  A  MAJA  HYBSRO  19SS,  p.  4-)  met  this 
requirement  exoellently. 

Tha  baotarla  oulture  <ras  made  an  agar-agar  (1.6#  agar-agar,  0.5# 
meat  extract,  1#  pepton,  and  1#  oane  sugar)  (s.  FISCHER  1903,  p.  24).  The 
preparation  of  the  oulture  media  and  the  oulture  of  the  baotarla  took  plaoe 
in  the  usual  manner.  The  oultures  were  allowed  to  develop  during  14-16 
hours  in  the  warming  cabinet  at  35°  C.  A  fairly  homogeneous  baoteria 
material  was  obtained  in  whioh  the  individual  oslls  attained  greater 
length  tii&n  in  older  oultures. 

In  these  rod-shaped  baoteria,  the  plasmolysis  manifested  itself  in 
very  regular,  oonvax  form.  In  weakly  plasraolysing  solutions,  the  oell 
oontent  in  the  shorter  rods  retraoted  from  one  oell  end  (drawing  la),  in 
the  longer  rods  it  aooumulated  at  both  oell  ends  (drawing  lb;.  With 
stranger  plasmolysis,  the  oell  oontent  in  the  shorter  rods  oonstrioted 
itself  into  two  parts,  in  the  longer  rods  into  several  parts  (drawings 
lo  and  d,  raspaotlvely)  (oomp.  FISCHBR  1896  and  1903)  RAICHBL  1928), 
wharaby  the  length  of  the  plasma  olots  as  well  as  of  the  intermittent 
empty  spaces  varied. 
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Figure  1.  Plasmolyzod  B.  paraooli  oslls.  Detailed 
explanation  included  In  text. 

In  the  actual  permeability  testa,  it  was  not  possible  to  follow 
these  detailed  forms  of  plasmolysis  but  the  attontion  had  to  be  directed 
above  all  to  the  general  picture  provided  by  the  plaemolyzed  and  unplasmo- 
lyzed  (or  deplasmolyzad)  baotoria.  The  oell  oontents  of  the  plasmolysed 
baoteria  appeared  dark,  sometimes  almort  blaok,  due  to  tfie  refraotlon  of 
light,  the  empty  spaoes  between  them  light,  whereas  the  unplasmolyted 
baoteria  showed  an  even,  gray  ooior. 

In  order  to  be  able,  later  on,  to  distinguish  beyond  question 
between  the  weakly  plasmolyzed  baoteria  and  those  cells  which  had  not 
undergone  any  plasmolysis  at  all,  I  took  under  the  mierosoope,  alternately, 
baoteria  from  water  and  from  variably  strong  cane  sugar  solutions.  Slowly, 
(in  about  two  weeks)  the  eye  beoame  experienced  in  making  a  reliable  dis¬ 
tinction  between  the  plasmolyzed  and  unplasmolyted  cells  and,  simultane¬ 
ously,  in  determining  the  degree  of  plaemolysie.  I  made  the  first  evalua¬ 
tions  of  the  degree  of  plasmolyele  in  the  cells  la  the  field  of  vision 
with  the  help  of  a  ssoond  person,  in  suoh  a  manner  that  both,  alternately, 
appraised  the  degree  of  plasmolysis  in  the  entire  field  of  vision  and  then 
oompared  the  results  obtained.  In  this  way,  the  eye  beoeme  conditioned 
to  greater  objectivity  in  appraieing  the  degree  of  plaemolysie. 

The  Test  Methodology.  -  After  numeroue  preliminary  experiments,  I 
finally  arrived  at  the  following  sequence  in  carrying  out  the  aotual 
experiments: 

Shortly  before  the  experiments  were  started,  the  required  etook 
solutions  were  prepared  in  normal  volume,  in  measuring  flasks.  In  all 
oases,  ordinary  tap  water  was  used  as  solvent  (a.  BARLUND  1929,  p*  18). 

The  individual  aeries  of  solutions  wore  obtained  by  diluting  the  etook 
solution)  ths  difference  in  concentration  between  the  various  links  of 
one  eeriee  usually  wee  either  0.02  QU  or  0,05  QM.  The  teat  solutions 
were  kept  in  smsill,  stoppered,  oyllndrioal  glass  containers.  Ths  solu¬ 
tion  series  were  prepared  fresh  eaoh  day. 
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During  the  tests,  I  used  both  forms  of  the  limit  plasmoly tioal 
method,  i.e.  the  "total"  pressure  method  as  wall  as  th>  partial  pressure 
method  with,  however,  some  modlfioations  made  necessary  in  view  of  the 
special  properties  of  the  teat  objeot.  In  conducting  the  teste,  I  was 
foroed  to  use  one  single  solution  only  at  a  time  before  proceeding  to  the 
next  one  because  the  p 'asmolysis  in  the  baoterla  oells  reversed  rapidly. 

In  the  oase  of  short  experimentation  time,  I  first  mounted  a  slide 
on  the  stage  of  the  miorosoope.  By  means  of  a  platimm-wire  loop  I 
removed  a  small  portion  of  the  bacteria  oulture  from  the  test  tube  and 
mixed  it  as  evenly  as  possible  with  a  drop  of  the  solution  to  be  examined, 
whioh  had  previously  been  plaoed  on  the  slide,  until  the  mixture  turned 
gray.  The  stop  watoh  was  started  simultaneously.  After  rapid  mounting  of 
a  cover  glabs,  t’.«,  oulire  field  of  vision  was  then  studied  et  oil  lmmer- 
elon.  The  first  observation  usually  took  plaoe  within  20-30  seoonda,  in 
rarer  oeses  after  30-46  seconds.  Close  observation  of  the  prooess  was 
oontlnued  until  the  degree  of  plasmolysla  oould  be  evaluated  ooularly  et 
60#.  To  be  on  the  safe  side,  deplasmolysls  was  also  observed  after  another 
1-2  minutes  had  elapsed. 

In  longer  experiments,  I  withdrew  1  -  0.2  oubio  oentimeter  of  the 
solution  to  be  tested  into  a  small  tube  equipped  with  e  glass  stopper. 

Into  this  woint  the  bacteria  was  then  homogeneously  dispersed  by  agita¬ 
tion,  and  the  first  observation  waa  made  after  at  least  three  minutes  had 
elapsed.  The  next  observation  followed  immediately  thereafter,  in  inter¬ 
vals  of  1-2  minutes  until  the  50#  degree  of  plasmolysis  was  reaohed  again, 
after  whioh,  for  ountrol  purposes,  the  further  course  of  plasmolysis  was 
still  observed.  (For  eaoh  observation,  a  new  drop  of  the  baoterla  suspen¬ 
sion  was  put  onto  the  elide.)  I  then  proceeded  to  the  next  solution, 
either  stronger  or  weaker  depending  on  which  and  of  the  series  I  had  begun. 

In  the  tests  oonduoted  with  the  partial  pressure  method,  the  indi¬ 
vidual  links  of  the  solution  series  oont&lned  0.6  GM  of  the  substance  to 
be  tested  as  well  as  oane  sugar  In  graded  concentrations  ranging  from  0.02 
Gk  to  C.2  Ok,  in  declining  succession  (osmotic  value  of  the  bacteria  cells 
0.16  GM,  or  0.19  GM  oane  sugar).  The  nunber  of  solutions  was  dependent 
on  the  plasmolyging  effect  of  the  compound  to  be  tested.  During  the  tests, 
the  first  observation  had  to  take  place  as  soon  as  possible  sinoe  the 
olearly  plasmo lysing  ef  feat  of  the  compound  solution  lasted  an  extremely 
short  time  only.  The  observation  technique,  therefore,  had  to  be  perfeoted 
so  as  to  allow  rapid  observation  of  the  plasmolysis  process.  My  method, 
therefore,  wax  as  follows* 

As  before,  the  slide  was  put  onto  the  stage  of  the  miorosoope. 

How,  however,  X  fastened  the  cover  glass  to  the  iMnerslou  objeotive  Itself 
by  means  of  cedar  oil.  Again  (as  was  dons  previously),  some  of  the  bao¬ 
terla  were  stirred  rapidly  into  a  drop  of  the  solution  to  be  tested,  whioh 
had  already  been  put  onto  the  slide,  and  the  mioroeoope  was  simultaneously 
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focused  on  the  tost  objaot.  This  manipulation  took  generally  about  eight 
seconds*  Observation,  however,  oould  only  commence  after  10-12  eeoondg 
had  elapsed  since  the  mounting  of  the  oorer  glass  oaused  violent  motion  in 
tha  solution,  whioh  made  observation  difficult  or  ruled  it  out  octnpletely, 

Tha  determination  of  tha  time  neoassary  to  reach  limit  plasmolysls 
was  always  made  at  least  twice  with  the  same  solution i  during  the  seoond 
determination  I  kept  the  stop  watch  faoe  down  on  the  table  to  make  certain 
that  the  result  was  not  influenced  by  subjective  expectations .  For  the 
same  purpose,  I  sometimes  quite  arbitrarily  interchanged  the  individual 
links  of  the  solution  series  (I  had  labeled  the  test  containers  at  the 
bottom).  Furthermore,  not  only  at  the  beginning  of  my  work  but  aleo 
between  the  various  tests,  I  observed  the  baoteria  in  pure  water  to  obtain 
a  definite  ploture  of  the  unplaemolyted  bacteria  cells.  This  provided  the 
opportunity  for  testing  ma  ie suits  which,  inueod,  did  uot  snow  wide  fluc¬ 
tuations.  -  1  always  determined  the  cane  sugar  value  of  the  baoteria  before 
and  after  the  tests.  The  difference  was  always  leas  than  0.01  GM. 

Like  BARLUND  (1929)  and  MARK LUND  (1936),  I  organised  the  teats  In 
suoh  a  way  that  the  plasmoly sing  effeot  of  at  least  two  compounds  oould  be 
simultaneously  determined  in  two  similarly  constituted  baoteria  oells  whioh 
had  been  taken  from  the  same  point  on  the  surfaoe  of  the  nutrient  medium 
(the  baoteria  cells  were  slighcly  shorter  in  the  upper  part  of  the  eloping 
surfaoe  of  the  nutrient  medium  than  in  its  lower  part).  This  provided  the 
opportunity  for  direct  oomparieon  of  the  test  results  obtained  with  the 
varloun  substances.  As  a  permanent  comparison  e  V  stance  I  used  oane  sugar 
which  was  contained  as  a  link  in  eaoh  group  to  be  simultaneously  tested,  - 
The  temperaturo  in  the  teste  fluctuated  slightly  between  17°  sued  18°  C.  - 
For  the  microsoope  work,  I  used  a  strong  ralorosoope  lamp  and  as  a  light 
oondenser  a  measuring  flask  filled  with  water. 

The  Teat  Results.  -  Below  are  reproduced,  in  abbreviated  form,  only 
the  beat  and  most  oomplete  test  series  which  give  a  clear  idea  of  the 
observed  effect  the  oompounds  examined  had  on  the  oourse  of  the  plaemolysl* 
and  deplasmolysis  in  the  bacteria  oells.  Or  the  experiment  itself  the 
test  records  show  only  the  solution  oonoentration  of  the  plasmoly tio via 
examined  and  the  time  necessary  to  reaoh  the  60^  degree  of  plasaolysis. 

As  far  as  possible,  the  test  aeries  for  one  particular  substance  have  been 
arranged  so  as  to  show  those  tests  last  whioh  were  made  with  the  stop 
watoh  fact  down. 
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T#»te  with  B.  portooll 


9  fob.  54  Toap.  17,0°  C.  Ago  of  oulturoi  14  hr*.1  C  =  0.19  OM. 


Ok  O.a  0«  O.a  O.w  Oa 

I'M'  S'  30'  4'  45'  6"  30'  8'  1 5'  9'  30' 

I' 48'  1'  45'  5'  15'  6'  30'  8’ 30'  10' 

45'  1'  80'  4' 45'  6' 45'  8' 45' 

1'  3'  5'  15'  6'  45'  8'  30' 

48'  8'  5'  15'  *'  45'  *'  45' 

45'  1'  45'  5'  6'  45'  8'  45' 

1'  S'  15'  3'  15'  4'  80* 

f  S'  JO'  3'  30'  6' 


OM 

tactharow 

I 

OIuOom 

• 

Mtnnltol 

i 

Melhyi*t70«i*s 


27  Maroh  54  T*mp.  18.0°  C.  Ago  of  oulturoi  16  hr*.  C  ■  0.20  OM. 
(porollol  test*  with  oorroapondiiig  B.  ooli  t**t*) 


O.a  O.a  O.a  O.u  O.w 

*8*  S'  18'  4'  45'  8'  30' 

45'  4'  15' 

I'  4' 30' 

45'  3'  r 

r  8'30'ris* 

45'  4’  45' 

1'  5' 


OM 

SacchiroM 

Melhylgljoall* 

4 

RhimvKwt 

t 

Oljoohol 


9  J*n.  54  T«ap.  17.0°  C.  Ago  of  oulturoi  16  hr*.  C  =  0.17  OM. 

O.u  O.a  O.a  O.a  O.a  0-a  O.w  O.w  O.w  O.a  OM 

1'  8'  8'  30'  StcchtroM 

I' 45'  5'  i 

30'  3' 15' 5'  6' 45'  9'  10'  11'30'  Erytht.ie 

45' 8'  S' 45' 6' 30*  9' 15*  10' 15' 1S'«5'  * 

10  ..Si  54  l8£p.  17.0  C.  Ago  of  oulturs i  15  hr*.  C  —  C.17  £*1» 

O.u  O.a  O.a  O.a  O.w  O.a  O.w  O.a  O.w  O.a  OM 

45'  8'  15'  5'  30'  SacchiroM 

1'  8'  5' 15'  * 

30*  3  'IS'  5'  45'  T  8' 30'  9' 45' 11' 45'  Erylhrit* 

30'  3'  45'  5'  15'  6'  45'  8'  45'  IO"  11*15'  t 

7  Fob  54.  T«ap.  17.0°  C.  Ago  of  oulturoi  14  hr*.  C  -  0.18  OM. 

O.u  O.a  O.a  On  O.a  O.a  O.a  0.a  O.a  OM 

45'  1*  3Q'  8'  45'  5’  45'  7' 30*  10’ 45'  ,  8*cch«n»*  . 

30'  1'  30*  3'  15*  5'  M*  7'  45'  BrythrUo 

_  80*1' 15*  S' *5' 5'  7'8C*  • 

1  Ago  of  oulturo  it  beginning  of  t*it. 
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11  Jan.  54  Tamp.  17.0° 

0,.  0  m  Ou 

45'  1'  15'  8'  45' 
*5'  *'45*  4’  . 


c. 

Age 

o 

o 

c 

*-< 

• 

0  M 

0  M 

0*#  0.t» 

6' 

6'  80* 

1'  15' 

2'  45*  3'45# 

45'  3'  4' 


16  hr*.  C  ■  0.1S  OH 
OM 

Batch  eroee 
» 

Milontrr'lda 


12 

Jan.  54 

Tamp.  17.0° 

C.  Ago  of  oulturai 

14  hr  a . 

C  =  0.18  OM. 

O  n  O  t.  0  m 

O.u  O.u  Oh  Oh 

OM 

*5'  8'  4' 

5' 

Saccharose 

JO'  *'  15'  8'  45' 

5' 45' 

* 

1'  30'  J'  45’  4'  15' 

Malonamida 

1'  15*  *'  45'  3'  45' 

- » 

6  : 

Fob.  54 

Tamp.  17.0°  C 

!.  Aga  of  oulturai 

14  hr  g . 

C  =  0.19  OM. 

O.u  O.u  O.u 

O.U  O.U  0  M  O.M  0  t« 

O.U  O.M 

OM 

1'  80'  1'  30' 

■  S'  8'  80'  9'  45* 

Beech  «ro*« 

*5'  i'  r  30' 

*’15*  2’ 45* 

Malonamida 

30*  45'l'15* 

*'  2’  30' 

a 

_ _  -  -  • 

15'  45'  1  30' 

*'  15'  8' 

» 

26 

Jan.  34 

Tamp.  17.6° 

C.  Aga  of  oulturai 

14  hr a. 

C  ■  0.18  OM. 

On  O.u  O.u  O.u  O.u  O.u  O.u 

OM 

45*  J'  45*  4'  16*  8'  7' 45' 

Saccharose 

la*  1'  *0*  4'  5'  45*  8' 

» 

45'  1'  45* 

8*  +  O.i  OM  OljOerine 

i'  r 

• 

45'  1' 45' 

» 

45'  1'  30' 

•  ’ 

30'  1' 30* 

S  +  O.i 

OM  Uraa 

45'  1'  45* 

» 

45'  1'15* 

• 

80'  1  *  30' 

- -  - 

• 

3 

fab,  54 

Temp.  17.0° 

C .  Aga  of  oulturai 

14  hr a. 

C  a  G.1S  Git. 

0  i. 

Oi, 

O.u 

( 

)■!•  O.U 

O.i. 

O.u 

O.u  O.u 

OM 

30* 

3' 

4'  6' 

Saccharose 

45* 

S'  80' 

8'  46*  6' 

3 

15* 

30' 

45* 

r 

45* 

8  +  0.. 

OM  QljOerinG 

17' 

45' 

1'  15* 

*■ 

» 

15*30 

'  45' 

1' 

2' 

• 

15* 

30' 

45* 

r 

30* 

8  +  Oe  OM  Ora* 

25' 

80' 

r 

r 

45*  - 

i 

18* 

30*-45 

'  45* 

r 

80* 

» 

1  Bar*  and  harainaftar,  3  Mans  "OM  aaooharoaa." 
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r 


0.14  ■  0.U  0.14 


O.M  0.1> 

15'-30* 

15' 

30' 


GM 

8  4-  O.t  GM  Uro tropin 


Teat*  with  fi.  ooli • 

19  March  54  Tamp.  18.0°  C.  Ago  of  cultural  15  his.  C  a  0.19  GM. 


<*•»  O.M  O.M  Oh  O.m  o»  OM 

1'  *5*  V  45'  5'  15'  6'  45'  8'  15'  9'  30'  Saccharoae 

1'  80*  S'  30'  5'  615'  8'  9' 30'  . 

30'  5' 30'  5' IS'  6'  45'  8' 30'  Oluooae 

45'  3'  15'  5'  30'  T  8' 45'  » 

45'  2' 45'  5' 15'  6' 45'  8' 45'  Mannllol 

1'  a'  5' 15'  7  8' 45'  » 


27  March  54  Tamp.  18.0°  C.  Ago  of  oulturot  15  hr*.  C  -  0*20  GM. 


O.M  O.M  O.M  0.11  O.M 
45'  2'  80*  5'  8'  30' 

30'  4' 

45'  4' 

r  3'  r 

45'  J'  45'  6'  45' 
45'  4'  30' 
45'  4' 45' 


OM 

Saccharose 

MsthylglyOoeidS 

. 

Rhamnose 

» 

G’yCocfcol 


10  March  54  Tump.  17.0°  C.  Age  of  oulturai  14  hrt.  C  -  0.13  OM. 


O.i.  On  O.ii  O.i.  O.m  O.m  O.m 
45'  2'  30'  4'  l.V  S'  15' 
45'  MS'  4'  5'  45' 

15'  T  1'  45' 

20'  r  15'  2' 

15*  45’  1' 30' 

i7*  r  rso' 


OM 

Saccharose 

. 

■6  +  O-i  0'<  O'.yoerina 
> 

R  -j-  o.s  OM  Ora* 


7»at*  vith  rl*  earogara*. 

11  April  54  Tamp.  18.0°  C.  Aga  of  oulturai  14  hr*.  C  -  0.22  OM. 


I.V 

O.M 

O.M 

0  II 

O.M  O.M 

O.m  0.«  O.m  OM 

45' 

3' 30' 

5'  45* 

8' 

10'  15' 

gftCCiiMOM 

45' 

8'  15' 

3'  15' 

r  30-' 

10' 

9 

30' 

3'  45* 

5'  15' 

6'  45' 

Mann-tol 

45' 

3' 15' 

4' 45' 

6'  30* 

r 

30' 

3'  15' 

4' 45’ 

6' 

01  u  COM 

8'  15' 

4'  ar 

6' .15' 

• 

ii’  3’  15'  l'  6'  80*  >’  tO'  Srythrti* 
l'  t'»5*  J'aa' a'w*  t'.  • 
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The  course  of  plasmolysis  In  bacteria  is  so  rapid  that  it  was  not 
possible  for  me  to  determine  for  certain,  in  even  one  of  the  solutions, 
an  increase  in  plasmolysis  during  the  actual  observation  time,  (In  the 
most  slowly  permeating  oompounds  —  saccharose,  glucose,  mannitol  --  it 
sometimes  seemed,  however,  as  if  plasmolysis  had  slightly  increased  in  the 
first  moments  of  observation.)  This  is  not  due,  however,  to  a  particularly 
high  permeability  of  the  bacteria  protoplasm,  but  simply  %o  the  large  rela¬ 
tive  surface  peculiar  to  bacteria  cells,  whioh  has  the  result  that  at  the 
same  time  as  the  first  plasmolysis  is  distinctly  observable,  or  even  earlier, 
the  water  to  be  removed  ogmotically  frara  the  cells  has  already  had  time  to 
diffuse  out  of  them  and  tha  oempound  to  be  examined  to  prooeed  through  the 
cell  membrane  to  the  surfaoe  of  the  protoplast  in  a  oonoentration  effecting 
maximum  plasmolysis  (s.  BARL'JND  1929,  p.  33,  as  well  as  KTT3I3R  t  H0FL3R  1930). 
For  this  same  reason,  even  a  stronger  plasmolysis  in  the  bacteria  cells 
becomes  reversed  in  a  very  short  time,  and  that  is  preoisely  why  the  perme¬ 
ability  of  bacteria  oan  be  examined  plasmolytioal ly  for  slowly  permeating 
substances  only. 

Simultaneously  with  the  above  experiments,  I  used  the  partial 
pressure  method  to  compare  the  plaamolyzing  effeot  of  methyl  urea  with  that 
of  urea  on  3.  paraooli.  1  thereby  established  that  a  solution  containing 
0.50  GU  urea  ♦  0.18  GU  oane  sugar  effaoted  a  generally  distinot  plasmolysis 
whereas  in  a  corresponding  methyl  urea  -  cane  sugar  solution  only  a  60^ 
degree  of  plasmolysis  was  achieved.  I  also  established  that  in  a  solution 
containing  0.60  GM  urea  ♦  0.13  GU  oane  sugar  distinct  plasmolysis  was 
brought  about  in  the  cells  whereas  a  corresponding  methyl  urea  -  oane  sugar 
solution  was  not  able  to  effect  a  distinctly  observable  plasmolysis.  (The 
oane  sugar  value  of  the  bacteria  cell  contents  amounted  to  0.18  GM.)  Thus, 
methyl  urea  permeates  the  cells  of  B.  paraooli  noticeably  faster  than  urea* 

Some  tests  were  also  made  with  raffinose.  They  produced  mexpeoted 
results  which  are  to  be  discussed  here  in  greater  detail.  I  studied  the 
plasmolytlng  effect  of  raffinose  on  B.  paracoli  and  B.  ooli.  Although  a 
C,25-mol.  cane  sugar  solution  resulted  in  a  clear,  general  plasmolysis, 
these  studies  showed  that  the  cells  in  a  0.25-mol.  raffinose  solution 
(weight-normal  raffinose  solution  to  0.50  GM  as  stoclc  solution,  with  water 
added  in  a  volume  ratio  111)  were  not  plasmolyzed  at  all  but  looked  nar¬ 
rower  than  in  water  or  in  a  corresponding  cane  sugar  solution.  In  a 
0.333-mol.  raffinose  solution  os  well  (above  stook  solution  with  water 
added  in  a  volume  ratio  of  2il),  no  clearly  observable  plasmolysis  could 
be  proved,  but  the  cells  therein  were  definitely  narrower  than  in  water, 
some  even  were  bent.  A  0*50— mol.  raffinose  solution  (weight-normal) 
sometimes  produced  violent  plasmolysis  the  determination  of  whioh,  however, 
was  quite  difficult  due  to  the  almost  irritating  narrowness  and  often  bent 
shape  of  the  oells*  The  examinations  extended  over  10-20  minutes,  some¬ 
times  even  half  an  hour.  -  The  ascertained  narrowing  and  partial  bending 
of  the  oella  might,  however,  have  been  oaused  by  the  low  permeability  of 
the  cell  membrane  for  raffinose  (oomp.  FI  SC HSR  1903,  p»  SO,  also  p.  33  of 
this  study). 
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Sources  of  Error*  -  It  is,  of  oourse,  generally  known  that  plssmo- 
lytlo  test  results  are  Always  afflioted  with  oertain  errors  whioh  force 
us  to  treat  them  with  appropriate  caution.  However,  since  these  sources 
of  error  have  already  been  thoroughly  discussed  in  BaRLUND  (1929,  p.  49-) 

I  only  touch  on  those  areas  whioh  are  particularly  to  be  taken  into  con¬ 
sideration  in  the  evaluation  of  results  obtained  with  bacteria. 

It  is  clear  that  the  minuteness  of  the  bacteria  oells  complicates 
ths  determination  of  their  permeability  in  many  ways.  It  is,  for  example, 
not  possible  to  determine,  with  any  great  accuracy,  the  cane  sugar  value 
of  the  oell  oontenta  if  only  for  the  reason  that  some  oane  sugar  has  pene¬ 
trated  the  cells  even  before  the  first  examination  oan  be  made.  1  mentioned 
earlier  that  I  evaluated  the  degree  of  plasraolysis  only  ocularly.  It  ia 
obvious  that  this  could  not  be  dons  with  the  same  degree  of  acouraoy  as  in 
tests  where  exaot  counting  of  the  plasmoiyted  and  unplasmolyzed  oells  is 
possible.  Taking  into  consideration  the  above  reservations,  one  glanoe  at 
the  test  reoord  will  tell  us,  however,  that  this  souroa  of  error  oould  not 
have  substantially  influenced  the  results.  -  It  might  be  said  against  the 
partial  pressure  method  that  the  oane  sugar  penetrates  into  the  oells 
during  the  test  and  increases  the  osmotic  value  therein.  Wherever  possible, 
I  have  taken  this  factor  into  aocount  in  the  oaloulation  of  the  results. 
Nevertheless,  a  seoond  souroe  of  error  might  be  linked  with  the  partial 
pressure  methoo,  originating  in  the  application  of  the  method  itself.  The 
faot  that  the  baoteria  are  direotly  subjected  to  the  aotion  of  the  ocmpound 
solution  might  have  the  result  that  the  plasmolysing  effeot  of  the  substance 
in  question,  particularly  during  the  first  moments  of  examination,  is 
fo\md  to  be  lower  than  is  usually  the  case  because  at  this  moment  the 
osmotlo  effeot  of  the  oane  sugar  might  not  as  yet  have  reached  its  olim&x 
(oomp.  BARLUND  1929,  p.  28).  During  the  experiments  I  notioed  that  the 
baoteria  did  not  tolerate  an  excessively  strong  plasmolysis,  and  I  there¬ 
fore  had  to  refrain  from  applying  very  high  solution  concentrations. 

Although  the  determination  of  the  permeation  oapaoity  of  substances 
permeating  rapidly  or  moderately  rapidly  is  made  very  difficult  by  the 
minuteness  of  the  baoteria  cells,  this  very  minuteness  is  nevertheless 
extremely  useful  in  the  study  of  slowly  permeating  substanoea,  suoh  as  oane 
sugar.  Particular  emphasis  is  put  upon  the  faot  that  the  possibility  of 
any  detrimental  influence  of  such  sources  of  error  as  phenomena  of  ana- 
tonosis  and  oatetonosia  is  probably  vary  negligible  even  with  slowly 
permeating  substanoea. 

Influence  of  Plasmolysis  on  Permeability.  The  FICK  Diffusion 
Concept.  -  The  original  purpose  the  experiments  with  B.  paraooll,  to 
be  described  here,  was  —  udco  incentive  by  the  work  of  T7S3HR  (1932), 
also  HUBBR  4  SCHMIDTS  (1933)  —  t  comparison  study  of  "normal  permeability 
versus  permeability  with  plasrao1-} *~t".  However,  upon  a  later,  thorough 
investigation  of  the  results  it  became  apparent  that,  within  the  limits 
of  error,  these  results  not  only  proved  an  equally  rapid  permeation  (of 
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the  oane  and  grape  >ugar  aa  well  as  of  mannitol)  into  the  plasmolyted  and 
unplaamoly ted  cells  (oarap.  HUB SR  4  SCHMIDT,  ool.  1)  SCHMIDT  1956),  but 
at  the  same  tine  justified  the  oonoluaion  that  the  penetration  of  these 
subgtanoea  into  the  baoteria  oella  is  merely  based  upon  a  simple  diffusion 
process* 

The  method  used  in  these  experiments  is  demonstrated  by  the  following 
example i 


Experiment  la.  -  Tho  bacteria  were  first  immersed  in  a  0.26-mol. 
(hypertonio)  oane  sugar  solution  until  the  stage  of  limit  plasmolysia  was 
achieved,  which  happened  after  6  minutes.  At  an  original  oane  sugar  value 
of  0.19  Gif  in  the  cells,  the  quantity  which  penetrated  the  oella  during 
this  time  amounted  to  0.26  -  0.19  =  0,06  Gil,  corresponding  to  24<  of  tho 
original  ratio  of  concentration.  On  this  basis,  and  provided  that  tho 
penetration  of  tho  cane  sugar  into  the  baoteria  cella  takes  plaoe  aooording 
to  the  laws  of  diffusion,  we  may  caloulats  the  amount  whioh  permsated  the 
plasmolyted  baoteria  oelle  in  1  minute  at  4.5#,  in  6  minutes  at  21^,  and 
in  10  minutes  at  38^  of  the  concentration  difference  of  the  oane  sugar 
(according  to  curve  I  in  COLLAHDSR  &  BARLUND  1933,  p.  27).  -  Experiment  lb 
represents  a  parallel  experiment  of  the  above-described  experiment,  witn 
the  difference,  however,  that  the  cells  wars  first  for  10  minutes  put  into 
0.2  cubic  oenttmeter  of  s  0.15-mol.,  i.e.  hypotonic,  cane  sugar  solution. 

If  the  permeability  of  these  unplasmolyzed  cells  were  the  same  as  that  of 
the  plaamolyzod  colls  of  the  parallel  experiment,  of  0.16  GU,  or  0.057 
GM,  of  aaooharose  would  have  had  to  penetrate  into  the  cella  within  the 
time  stated.  To  the  solution  were  now  added  0.2  com  of  a  0.35-mol. 
saccharose  solution,  thereby  increasing  the  oonoontration  of  the  oompound 
to  0.25  Gif.  This  inoreass  in  concentration  caused  plasmolysis,  but  already 
1  minute  later  limit  plasmolysis  was  reached.  Aooording  to  what  is  stated 
above,  4.6^  of  the  difference  0.25  -  0.057  GM,  or  0.009  GH,  would  have  had 
to  permeate  within  this  time  and,  consequently,  0.057  ♦  0.009  -  0.066  QM 
during  the  total  time  of  the  experiment.  The  result  of  the  experiment  was 
0.25  -  0.19  =  0.06  GM.  This  correspondence  between  the  theoretically 
calculated  and  the  experimentally  determined  value  shows  —  provided  it  is 
not  a  mere  coincidence  --  first,  that  the  penetration  of  the  eacch&rose 
into  tho  baoteria  oella  ooours  aooording  to  the  diffusion  concept  and, 
seoond,  that  the  permeability  of  the  plasmolyted  baoteria  oelle  oorreeponde, 
within  the  limit  of  error,  to  that  of  the  vnplasmolyted  cells. 

With  the  help  of  the  above  example.  Table  1  should  be  intelligible. 

Experiments  1-2  were  made  with  oane  sugar,  experimsnts  3-5  with 
grape  sugar.  In  this  type  of  experiment,  I  limited  the  reproduction  to 
one  single  experiment  series  due  to  the  high  degree  of  correspondence 
between  the  various  experiment  series. 

With  regard  to  the  grape  sugar,  it  1*  to  be  mentioned  that  in  a 
■ .  ^3— mol.  grape  sugar  solution  limit  plasmolysis  was  reached  in  9  minutes. 
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In  other  word#,  0.30  -  0.19  -  0.11  GU,  or  3 7 %  of  the  initial  grape  sugar 
concentration,  had  p«n®trat«d  into  th®  toeotaria  cells  within  this  time. 
Caloulatad  frcm  th®  above,  the  amount  permeated  in  1  minute  is  5%,  in 
4  minutes  18#,  in  6  minutes  ZZi,  in  6  minutes  26%,  in  10  minutes  40#,  and 
in  20  minutes  63. 6#  of  the  oonoentration  difforenoe  of  th  grape  sugar. 

Table  1.  r^moarlaon  of  Permeability  in  Plasmolysis  and 
formal  Permeability  of  B.  paraooli  Cells 


A  comparison  of  the  values  shown  in  Table  1,  oaloulated  according 
to  the  PICK  diffusion  oaaoept,  and  of  the  results  obtained  on  an  exclu¬ 
sively  experimental  basis,  shows,  on  the  whole,  a  surprisingly  high  degree 
of  oorrespondenoe.  There  are  boom  minor  differenoes,  however,  which  might 


14  - 


stem  from  tha  sources  of  arror  mentlonad  at  ths  beginning,  and  whioh  might 
have  influenced  tha  teat  regulta.  If  the  cane  auger  value  of  the  oell 
fluid  were,  for  instance,  0.20  GM  or  0.18  GM  instead  of  the  0.19  GM  value 
used  in  the  experiments,  the  permeation  in  the  former  case  would  progress 
at  a  slower  rate,  in  the  latter  case  at  a  faster  rate,  and  the  error  in 
the  numerical  value  would  amount  to  3.5-7#.  Furthermore,  should  in  the 
first  experiment  the  60#  degree  of  plasroolysia  aet  in  one  minute  earlier 
or  later  than  was  aaauned  in  the  oaloulationa  (although  such  a  large 
difference  la  hardly  probable),  the  oaloulated  values  would  be  either 
4-8.6#  too  high  or  too  low.  -  The  differences  established  fall  already 
within  these  limits  of  error. 

Corresponding  results  wars  obtained  in  experiments  with  mannitol 
whioh  are  not  mentioned  here. 

Based  on  the  above  results,  it  is  obvious  that  the  permeation  of 
eaooharose  and  gluooge  as  well  as  of  mannitol  follows  the  FICK  concepts  of 
diffusion.  This  is  interesting  insofar  as  this  has  been  proved  up  to  now 
almost  oxoluslvely  (however,  s.  MARKLTOD  1936.  Fig.  15,  p.  70)  for  glycerine 
and  urea  only  as  well  e.i  for  substances  having  even  greater  permeation 
capnoity  (BARLUND  1929;  COLLANDER  4  BARLUND  1933;  MARKLOKD  1936). 

In  this  connection  I  take  the  liberty  of  touching  upon  a  statement 
made  by  RUHLAND  4  HOFFMAKN  (1926)  regarding  the  permeation  of  dissolved 
subetanoes  into  Beggiatoa  cells.  The  named  euthors  write;  "It  was,  however, 
established  that  the  amount  of  salt  absorbed  into  the  cells  per  unit  of 
time  decreased  as  the  concentration  gradient  Increased.  Therefore,  the 
permeation  process  cannot  merely  consist  in  a  simple  dlosmosls"  (col.  1, 
p.  32;  a.  also  p.  39  where  a  similar  statement  ie  made  regarding  aneleotro- 
lytes).  However,  this  in  principle  very  Important  statement  is  based 
oxoluslvely  on  such  test  results  which  have  been  considerably  influenced 
by  some  sources  of  error  not  taken  into  consideration  by  some  of  the 
authors.  Indeed,  it  must  bo  remembered  that  with  Beggiatoa  as  well  as 
with,  for  example,  Rhooo,  the  limited  water  permeability  of  the  plasm  in 
conjunction  with  the  diffusion  inhibiting  effect-  of  the  oell  membrane, 
furthermore  (with  aneleotrolytes)  the  difference  between  the  aotual  and 
the  theoretically  calculated  osmotic  value  of  th«  Oubstanoa  examined,  make 
it  seem  as  if  ths  substance  in  question  were  permeating  faster  than  is 
aotually  the  case.  (Ir.  the  oase  of  electrolytes,  however,  the  effeote  of 
the  last-named  source  of  error  are  even  more  complicated  due  to  the  disso¬ 
ciation  of  the  eleotrolyteB.)  Accordingly,  there  seams  to  ba  no  raason 
for  the  assumption  that  permeation  in  Beggiatoa  is  not  also  caused  by  a 
diffusion  process. 

Sinoe  the  final  conclusions  of  H0FFVANN  (1936),  which  were  based 
on  C hast amor pha,  are  in  olose  oonourrenoe  with  the  above,  a  discussion 
thereof  might  be  etpooially  appropriate  here.  Based  on  the  results  of 
ths  glycerine  experiment,  in  whioh  the  permeation  oonstanoiee  were  0,392 
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after  ft  minutes,  0.0942  after  20  minutes,  0.0672  after  30  minutes,  and 
0.0466  after  45  minute*,  a*  well  as  on  the  basis  of  the  results  suramarited 
in  Table  7  (col.  1,  p.  164),  HOFFMANN  states  (p.  166) «  "With  all  due 
c a utlon  we  pane  to  the  conclusion  that  with  Chaetomorpha  the  plasma 
permeability  Is  considerably  higher  at  the  beginning  of  the  experiments 
than  in  their  further  course.  The  decrease  seems  to  occur  quite  shortly 
after  the  beginning  of  the  experiments. * 

These  test  results  have  been  duplicated  by  BARLUND  (1929,  Table  IX, 
p.  66)  for  example  in  his  experiments  with  Rhoeo,  and  in  the  present  study 
in  experiments  with  Lioamophora  (ill.  2,  p.  46)  and  Spirogyra  (ill.  4,  p.  66). 
Such  observations*  however,  do  not  absolutely  justify  a  final  oonolusion  In 
the  way  HOFTUANN  has  done  in  regard  to  plasma  permeability,  because  all 
passible  sources  of  error  must  first  be  thoroughly  olarified  before  any 
final  conclusions  may  be  roaohed.  It  has  to  ba  taken  into  aocount  that 
still  another  source  of  error  is  affeoting  the  test  results  even  after  the 
state  of  osmotic  equilibrium  between  the  cell  content  and  the  outside 
solution  has  already  beon  reaohed  and  the  concentration  of  the  substance 
to  be  examined  is  praotlcally  the  same  as  the  remaining  outside  solution. 

This  source  of  error  has  its  origin  in  the  difference  between  the  deter¬ 
mined  osmotic  effoot  of  the  substance  examined  and  tha  theoretioal  value 
—  loulated  according  to  tha  VAU'T  HOFF  oonoept.  Thus,  the  permeation  of 
iffarent  compounds  into  the  cells  used  for  the  experiment  can  be  deter¬ 
ged  most  accurately  only  after  the  effeot  of  the  above  sources  of  error 
uave  beon  eliminated  for  the  most  part.  It  is  also  highly  probable  that 
the  results  of  HOFFMANN' s  endurance  taste  give  a  much  more  accurate  picture 
of  his  test  objeot,  Chaetomorpha,  than  the  results  of  his  injtantaneocs 
tests  if  but  for  the  reason  thr.t  the  latter  may  be  most  highly  influenced 
by  those  sources  of  error  which  give  the  appearance  as  if  eaoh  substanoe 
were  penetrating  the  oells  more  rapidly  than  ie  actually  the  oase. 

In  the  light  of  this,  thero  ie  no  reason  for  assuming  a  divergent 
permeation  of  tha  other  examined  substances  into  the  bacteria  oells. 

The  Femeabllity  Properties  of  the  Bacteria  Examined.  -  Table  2 
ahowe  a  summary  of  the  maximum  osmotio  coefficiants  of  the compounds 
examined  for  Beggiatoa  rairabilis  and  Bacterium  paraooli.  Baaed  on  the 
limit  oonoentratlon  values  shown  by  SCH0NFSLDSR  (1931,  Tab.  3,  p.  437- 
442)  I  calculated  the  maximum  osmotio  coefficients  for  Beggiatoa 
(saooharose  “  1.0). 

A  oompaorieon  of  the  values  for  Beggiatoa  and  B.  paraooli  reveals 
great  differanoea  as  to  the  permeability  conditions.  Thus,  the  behavior 
of  urea  and  methyl  urea  is  quit*  opposite  in  the  two  objects.  Furthermore, 
the  permeation  of  urea  in  comparison  with  glyoerina  is  distinctly  faster 
in  Beggiatoa  than  in  B.  paraooli.  In  Beggiatoa,  antipyrin  permeates  more 
slowly  than  glycerine  but  more  rapidly  than  glycerine  in  B.  paraooli 
(cowp.  F.SCHSl  I960,  p.  26). 


Table  2.  Maximum  Osmotio  Coefficients  for  Beggiatoa  Ulrabllia 
( Calculated  acoording  to  data  by  SCHONFBIDBR) 
and  for  Baoterlum  Paraooli 


Beggiatoa  mirabilis 

Bacterium  paraooli 

Or  a  a 

<  0.001 

Methyl  urea 

<  0.020 

Methyl  urea 

0.U20 

Urotropin 

0.020 

Glycerin 

0.022 

Urea 

0.180 

Malonamide 

0.029 

Glycerine 

0.180 

Anti pyrin# 

0.080 

Malonamide 

0.633 

Glycohol 

0.100 

Brythrite 

0.760 

Erythrlte 

0.200 

Mothylgluooside 

0.806 

Glucose 

0.364 

Glyoochol 

0.846 

Mannitol 

0.364 

Rhamnose 

0.890 

Rhamnos# 

0.400 

Glucose 

0.906 

Saccharose 

1.000 

Mannitol 

0.906 

Saocharose 

1.000 

The  differencea  in  permeability  observed  are  oeused  above  all  by 
the  known  fact  that  permeation  of  oompounda  into  the  cells  of  Beggiatoa 
ia  first  of  all  determined  by  particle  site,  lipin  solubility  being  leas 
aignificant  here,  whereaa  with  B.  paraooli  it  seems  on  the  oontrary  that 
permeation  depends  chiefly  upon  lipin  solubility  (methyl  urea  and  urotropln 
permeate  more  rapidly  than  urea,  methylgluside  more  rapidly  than  gluoose). 
The  experiments  do  not  give  any  exact  information  on  the  pore  permeability 
of  the  plasm  membrane  of  B.  paraooli,  but  it  does  not  appear  to  be  greater 
than  in  most  other  plant  protoplasts. 

Although  the  above  comparison  has  already  given  us  a  general  idea 
of  the  permeability  conditions  in  B.  paraooli,  a  closer  comparison  of  the 
permeability  properties  of  this  bacterium  and  those  of  Chare  ceratophylla 
seems  nevertheless  appropriate  since  in  tills  way  the  obtained  results  may 
be  directly  Incorporated  into  the  comparative  permeability  researoh.  I 
have  oho  sen  Chara  cells  as  the  main  comparison  object  my  present  study 
beoauee  the  test  results  obtained  with  them  are  relatively  certain,  beoause 
they  represent  the  most  widespread  permeability  typo,  and  because  the 
aggregate  of  substances  examined  -  with  few  exceptions  -  formed  part  of 
the  oompounds  used  In  the  experiments  or  Chara. 

In  prooeedinj  to  a  quantitative  comparison  of  the  permeability 
series  of  the  last-mentioned  objects,  it  is  first  of  all  necessary  to 
clarify  the  reasons  on  whioh  suoh  a  oomparison  is  based.  As  early  as  1902, 
OVERTON  explained  how  important  it  is  also  to  include  the  aspeot  of  oell 
aite  when  evaluating  plasma  permeability.  However,  not  until  COLLANDER  4 
BARLUND  (1933,  p.  63)  had  emphasited  to  what  erroneous  results  permea¬ 
bility  oomparison*  may  laad  whan  carried  out  without  taking  into  aooount 
the  relative  surface  development  of  the  protoplasts,  did  an  aver  increasing 
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numb » r  of  Investigator s  (HOFLER  1954  a,  bj  In  a  way  also  HOFUSISTSR  1935» 
VTAHRY  1936j  MARKLUND  5  "36)  base  their  comparison  on  the  permeability  aa 
calculated  per  ratio  of  surface  unit  of  the  protoplasm.  As  the  objeots 
used  in  my  investigation  comprised  a  wide  variety  of  cell  sites,  this 
aspeot  was  particularly  important  for  me. 

Table  3  shows,  from  among  the  compounds  1  examined,  the  calculated 
pormeation  constancies  fcr  all  those  substances  for  whioh  it  was  possible 
to  determine,  with  reasonable  certainty,  a  temporary  plasmolytlo  oooffioient 
at  a  given  time  (t),  such  coefficient  being  named  w-value  in  aooordanoe 
with  COLLANDBR  it  BARLUND  (1926).  Here,  as  everywhere  else,  I  strived  to 
ohoose  the  w-value  in  suoh  a  way  as  to  permit  as  correot  as  possible  a 
picture  of  the  penetration  of  the  examined  compounds  into  the  oell.  -  In 
calculating  the  permeation  oonstanoies  I  used  in  all  instances  the  hour  as 
time  unit  and  the  square  centimeter  as  surface  measure.  The  bacteria  oells 
examined  are  oylindrio,  their  diameter  Is  0.0001  cm.  Disregarding  the  oell 
ends  in  the  calculation  of  permeation,  a  diffusion  aurfaoe  of  40,000  square 
centimeter  corresponds  to  a  oubio  centimeter  of  oell  volume,  end  P  there¬ 
fore  equals  P'  *  40,000. 

A  glance  on  the  last  columns  of  the  table  shows  an  unexpectedly 
great  similarity  in  the  permeability  properties  of  the  bacterium  and  of 
Chara.  This  observation  ie  all  the  more  satisfying  as  we  are  oonsoious  of 
the  otherwise  large  differences  in  the  two  objeots.  It  is  also  to  be 
mentioned  that  the  permeability  properties  of  the  two  objeoto  have  been 
determined  aocording  to  quite  different  methods!  with  Chara  by  direct 
mioroohenioal  analyses  of  the  penetrated  quantities  of  substance,  with 
B.  paraooli  by  means  of  the  plasmolysis  method  whioh  is  regarded  as  doubt¬ 
ful  or  has  even  been  completely  rejected  by  several  investigators  (s. 
COUJLNDBR  A  BARLUND  1933.  p.  4). 

Table  3.  Permeability  Series  for  B.  paraooli  compared  with  that 
for  Chara  (aooording  to  C0LLAND3R  4  BARLUND) 


1 

fiOvfcrtirm 

Ctero 

Substance 

For  glycerine 

cu 

1 

(Min.) 

P-10* 

F  I0« 

-Bodsrt*»*» 

Ch am 

O.m 

1.1 

no 

28 

40 

Urea . 

i.i 

5.i 

O.M 

2 

84 

21 

7-« 

Glycerin  .  .  . 

1 

1 

0., 

1 

*2 

11 

1  « 

Malonamide  .  . 

O.i, 

0.1, 

0., 

6 

6.§ 

l.i 

O.M 

Ervthrite.  .  . 

O.MI 

O.M, 

0.49 

5.4 

l.i 

<o.» 

Methylgluooside  o., 

<0.M 

o.», 

5 

.  4., 

1., 

Glyooohol,  .  . 

O.M, 

0.,, 

7 

3., 

O.u 

Rhamnosa  ,  »  . 

O.MI 

O.m 

».t 

3.i 

O.M 

<0., 

Gluoose  .  .  . 

O.M, 

<0.m 

O.M 

0.T* 

S.i 

O.w 

<0j 

Mannitol  .  .  . 

o.m» 

<0j» 

0„ 

t.n 

>.« 

On 

<0j 

Saooh'xos*  .  , 

o« 

<0.M 

Closor  investigation  shows  quantitative  diffaronoss  in  tha  perma- 
abillty  series  of  tho  two  teat  objoots.  It  is  diffioult  to  deteimino, 
however,  whether  these  differences  are  actually  present  or  merely  stem 
from  test  errors*  It  must  be  mentioned  in  this  oonneotion  that  Chara 
cells  are  relatively  ill  suited  for  observing  tha  permeation  oapaolty  of 
vory  slowly  permeating  substances,  while  all  the  test  results  obtained 
with  baoteria,  particularly  those  obtained  with  more  rapidly  permeating 
substances,  are  rather  inaoourato  due  to  the  nature  of  thjls  test  object. 

In  this  oonneotion  let  us  also  point  to  the  test  results  for 
glyooohol  whioh  are  in  close  agreement  with  results  other  investigators 
have  obtained  for  this  substance  as  well  as  for  other  amino  aolds 
(SCHONFELDSR  1951  s  ULRICH  1934). 

3.  ORIENTATION  TESTS  WITH  GRAN-POS ITI VB  BACTERIA 

After  oompletlon  of  the  above  experiments,  and  in  order  to  gain 
personal  experience  with  those  bacteria  generally  considered  unplasmolyt- 
able  (s.  FISCHER  1903,  p.  25),  I  also  conducted  some  orientation  tests 
with  the  following  gram-positive  baateriai  Bacterium  megatherium,  B. 
mesenterious  fuscus,  B.  cereus,  Baoillus  subtilis,  and  Streptothrix 
hominis  "Goteborg".  The  result  was  that  B.  megatherium  and  Streptothrix 
hominis  did  iot  become  plasmolyted  in  oana  sugar  solutions  of  0.5  GM  and 
1.0  GM  nor  in  a  1.0-mol.  KNO3  solution,  but  looked  narrower  in  the  two 
latter  solutions  than  in  water  and,  at  the  same  time,  almost  distressed. 
Neither  did  B.  mesenterious  boooms  plasmolyted  in  the  above-mentioned 
solutions,  but  tho  behavior  of  the  baoteria  in  the  various  solutions  showed 
a  difference  insofar  aa  tho  oella  moved  lively  in  the  weaker  saccharose 
solutions  whereas  in  the  stronger  solutions  part  of  tha  oells  —  In  tha 
KNO3  solution  most  of  the  cells  —  ceased  their  movements.  With  P.  ooreus, 
there  appeared  to  be  an  lndistinot,  plaemolysis-like  oontraotionj  this 
appearanoo  was  more  dletlnot  in  the  KNOj  solution.  In  the  stronger  cans 
sugar  solution,  B.  subtilis  showed  a  nice,  clear  plasmdyais  (oomp. 

FISCuSR  13S&,  p.  32,  and  ISO  3#  P*  5  /  MT  2H.S  1031,  p.  672).  However,  I 
conducted  more  detailed  plasmolysis  experiments  only  with  B.  subtills. 

The  results  of  these  experiments  are  outlined  belowi 

The  method  of  oulture  as  well  as  the  other  test  conditions  were 
tbs  same  as  before.  In  1.0-mol,  cane  sugar  and  grape  sugar  solutions  dear 
plasmolysis  set  in  although  it  was  slightly  less  pronounced  in  the  latter 
two  solutions.  Plasmolysis  in  the  cells  was  maintained  in  full  force 
during  the  entire  test  time  {45  minute.).  In  a  saccharose  solution  of 
0,76  Gii,  plasmolysis  was  weaker  and  the  degree  of  plasmolysis  60#  or 
slightly  above.  In  correspondingly  strong  grape  sugar  and  mannitol 
solutions,  plasmdj  is  was  weak  and  the  degree  of  plasmolysis  dearly 
below  50#.  Even  after  36  minutes,  plasmolysis  had  not  yet  set  in.  Neither 
was  the  60#  degree  of  plasoo lysis  re&ohed  in  a  1.0-aol.  glyooohol  solution. 
l«0>aol.  and  1.6<*u>l.  erythrite  aolutions  effeotsd  no  plasadysis  whatever. 
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Sine*  the  above  tests  showed  that  plasmolysis  in  the  oells  of  B. 
subtilis  did  not  become  reversed  nearly  as  rapidly  in  the  oells  of  B. 
subtllis  ae  in  the  previously  examined  baotoria,  I  undertook  two  lengthy 
experiments  with  a  eaooharose  solution  in  order  to  olarify  this  behavior i 

Test  Buries  I.  -  19  April  1914.  Temperaturei  18.6°  C.  Age  of 
Cultural  14  hours- 

The  oells  were  at  first  allowed  to  remain  in  a  0,26-mol,  oana  sugar 
solution  for  10,  20,  30,  and  40  minutes,  respectively,  and  were  then 
transferred  into  a  stronger  oana  sugar  solution  of  1.0  GM.  The  first 
observation  was  made  after  1  minute.  The  result  was  that  the  oells  in  all 
tests  became  plasraolyzed  in  exactly  the  same  manner  as  if  they  had  been 
put  direotly  into  the  stronger  cane  sugar  solution.  In  a  aimultaneouely 
oonduoted  parallel  test,  the  oells  remained  for  equally  long  periods  of 
time  in  a  0.6-mol.  (hypotonio)  oana  sugar  solution  the  concentration  of 
vrhioh  was  subsequently  increased  to  1.0  GM  in  one  operation.  General 
plasmolysis  was  observed  after  1  minute.  The  test  results  seem  to  indi¬ 
cate  that  in  40  minutes  the  cane  sugar  does  not  penetrate,  et  least  not  In 
detectable  amounts,  into  the  oells  of  B.  subtilis. 

Test  Series  II.  -  20  April  1934.  Temperaturat  18.0°  C.  Age  of 
Cultures  14  hours. 

In  a  0.75-mol.  cane  sugar  solution,  the  degree  of  plasmolysis 
slightly  exceeded  50#.  The  cells  first  remained  for  3  minutes  in  the 
above-mentioned  solution,  the  concentration  was  then  gradually  decreased 
to  0.376  GM  oana  sugar,  and  the  cells  were  allowed  to  remain  therein  for 
10  minutes.  The  concentration  was  then  increased  to  0.75  GM,  after  which 
a  degree  of  plasmolysis  of  slightly  above  60#  set  in  again.  In  a  seoond 
test,  the  cells  first  remained  for  30  minutes  in  e  0.75-mol.  cane  sugar 
solution  and  remained  plasmolyzed  during  this  entire  time  at  slightly 
above  6Q#.  A  decrease  in  the  concentration  to  0.6  and  0.376  GM  cane 
sugar,  respectively,  resulted  in  complete  deplssmolysis  in  both  cases. 

After  10  minutes,  the  concentration  was  again  increased  to  the  initial 
value.  Besultt  t'#  plasmolysis.  Consequently,  the  ohenge  from  plas¬ 
molysis  to  depla«mo!ysis  does  not  appear  to  have  any  influence  on  the 
permeation  of  cane  sugar. 

In  summary,  we  may  say  with  regard  to  the  tests  made  with  gram- 
positive  baotoria  that,  of  the  bacteria  examined,  B.  cereus  and  B.  subtilis 
beoame  plaaroolyted  in  1.0-mol.  cane  sugar  and  KNOj  solutions.  It  seems, 
ooaaequently,  that  the  established  non-plasmolyzability  of  gram-positive 
bacteria  is  caused  by  a  tighter  than  usual  oohesion  of  protoplast  and  oell 
membrane  rather  than  by  any  great  permeability  of  suoh  oell  membrane  (oorap. 
FI SC HSR  1903,  p.  26-).  The  test  results  on  B.  subtilis  show  furthermore 
thet  eaooharose,  gluocse,  and  mannitol  do  not  teem  to  permeate  in  detect¬ 
able  quantities  into  the  oells  during  the  test  period  of  40  minutest  in 
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other  word*.  It  would  appear  that  the  call*  of  B.  subtili*  are  muoh  less 
permeable  to  aacoharoae,  gluoose,  and  mannitol  than  the  examined  gru>A- 
negativ*  bacteria.  Obviously,  the  interpretation  of  theae  peouliar  '.-eat 
results  still  rests,  for  the  present,  on  a  quite  uncertain  basis. 


